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(S4) Fixed constant velocity universal joint 



(57) A fixed constant velocity universal joint in- 
cludes: an outer ring: (1) having a plurality of track 
grooves (1b) extending axial ly In its inner spherical sur- 
face (1a): an inner ring (2) having a plurality of track 
grooves (2b) extending axiaSSy in its outer spherical sur- 
face (2a); torque transmission balls 0) arranged m hall 
tracks formed by cooperation of the track grooves (lb) 
of the outer ring (1) and the track grooves (2b) of the 
inner ring {2}'. and a cage (4) having pockets (4c) for 
retaining the torque transmission baits (3). The center 



(O,) of the track: grooves (1 b) of the outer ring (1) ana 
the center (O s ) of the track grooves $b) of the jnnei ring 
(2) are offset from the spherical center of the Inner 
spherical surface (la) and the spherical center of the 
outer spherical surface (2a), respectively, by the same 
distance axiaiJy in opposite directions. An axial clear- 
ance between the pockets (4c) and the torque transmis- 
sion bails (3) is set within the range of -0 008 and - Q 035 
mm . A sp he heal portion clearance between the cage (4) 
and the inner ring (2) is sei so that a clearance-to-diam- 
eter ratio fails within the range of 0,9 and 2,3. 




Pfttipj 5>y Jo^ws, ?S0vl: PARIS 



£P 1 543 309 A1 



Description 

BACKGROUND OF THE INVENTION 
5 1 . field at the Invention 

[0001] The present invention relates to a fixed constant velocity universal joint Constat velocity universal pints are 
components of power transmission systems in motor vehicles and various Industrial machines, intended to couple a 
rotational shaft on the driving side and a rotational shaft on the driven side for the sake of torque transmission at 
constant angular velocity. The constant velocity universal joints arc divided into fixed type and slide type. The slide 
type atom bom an angular displacement and an axial displacement white tte fixed type allows an angular displacement 
alone. 

2. Description of the Related Art 

ts 

[0002] When a fixed constant velocity universal joint forms an angle, there occurs a force in the bending direction, 
'Take, for example, a toed constant velocity universal joint on the drive shaft of a front-wheel drive oar. In steering the 
car. an outer ring: fixed to !no front axle forms an angle, The joint then forms the angle while pushing torque transmission 
balls held between track grooves of the outer ting and track grooves of an Inner ring, and a cage retaining the torque 
so transmission balls. Here, roiling and sliding frictions occur between the track grooves of the inner and outer rings and 
the torque transmission balls. Sliding frictions also occur between trie inner spherical surface of the outer ring and the 
outer spherical surface of the cage, and between the outer spherical surface of the inner ring and the Inner spherical 
surface of &he cage. As a result., a reactive farce arises In the direction opposite to the bending directions This reactive 
force will be referred to as a bending direction load, 

39 [0003] Conventionally, internal design specif ications of a fixed constant velocity universal joint have been discussed 
with emphasis on joint functions, or strength and durability : alone. No consideration has been actively gives") to a re- 
duction of the bending direction load, or an Improvement in flexibility. At best,, the bending direction load has been only 
checked for the actual value within the internal specifications tor securing required strength and durability, 

[0004] Excessive bending direction loads can hinder smooth joint movement, and In the case of a fixed constant 
50 velocity universal joint to be used with the drive shaft of a from-whee! drive car, give a sense of discomfort m steering 
operations. The lower flexibility also means that the fixed con slant velocity universal joint cannot sufficiently absorb 
vibrations and forces to be absorbed by the formation of an angle. In which case the vibrations and forces might be 
transmitted to the car-body side through the shaft. Vibrations and forces can also enter in the opposite way, possibly 
affecting the NVH performance of the vehicle. 

SUMMARY OF THE INVENTION 

[0005] it is a main object of the present Invention to provide a fixed constant velocity universal joint in which a bending 
direction load occurring in changing the operating: angle of the joint is reduced as means for improving the NVH per* 

40 formanee.. 

[0006] A fixed constant velocity universal joint according to the present invention comprises: an cuter ring having a 
plurality of track grooves extending axlalfy In en inner spherical surface thereof; an inner ring having a plurality of track 
grooves extending axialiy In m outer spherical surface thereof: torque transmission bails arranged in bail -racks formed 
by cooperation of the track grooves of the outer ri ng and the track grooves of the Inner ring: and a cage having pockets 
for retaining the torque transmission bails. The center of the keek grooves of the outer ring and the center of the track 
grooves of the inner ring are offsal from the spherical con! or of the inner spherical surface and the spherical center of 
the outer spherical surface, respectively, by the same distance axlaity in opposite directions. An axial clearance between 
the pockets and the torque transmission bails is set mm a range of -0 006 and -0,035 mm. A radial clearance between 

the cage and: the inner ring: is set so that a dearance-to-di&rneler ratio faiis within a range of 0/9 and 23 Here, the 
so clearances are in terms of diameters. 

[G0Q7] Fig. 6 shows the relationship between a pocket ciearance and the bending direction load (pocket clearance 
sensitivity chart). It can be seen from this chart that the greater the pocket clearance is, or the smalfer the exposed 
thread is, the higher tie effect of reducing the bending direction load becomes. The effect converges beyond around 
-0.005 mm : , 7b determine the dimension in view of a reduction in the bending direction load, it is necessary to set an 
upper limit of -0.006 mm or so and a lower limit as high as possible, 

[000B] Next, other functional constraints will be discussed, When the pocket ciearance is set in the positive region, 
this clearance can cause the torque I rartsm&sion balls and the cage !o contact each other .. possibly producing slapping 
sound, Positive pocket clearances can also hamper the ordinal function of the cage, or the function of retaining the 
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torque transmission balls at appropriate positions, with a deterioration in the vesDcilyconstaftcy of the joint The upper 
limit of the pocket ctearance must therefore he 0 mm or lass Nevertheless, t he clearance might Increase due to wear 
of the pocket surfaces, depending on the use conditions. Considering the past records of the secular wear of the 
pockets {past records on benchmarks and in actual vehicles: approximately 0,005 to 0.006 mm), the upper limit is thus 

5 set at -0 008 mm. The lower limit is set at -0.035 mm in order to secure a greater pocket clearance for reducing me 
bending direction load, and In consideration of minimum values (past records In mass production) within the range of 
machining tolerances satisfying the existing process capabilities. Here,, various dimensional controls can be added 
further to secure the process capabilities and reduce the range of machining tolerances as well The tower in this 
case is -0.025 mm. As a result the favorable range of pocket clearances is from -0,006 to -0.035 mm, and preferably 

*0 from 0.008 to -0,025 mm. 

[0009] Fig. 7 shows the relationship between the c^arance-to-diamet^r ratio of the radial clearance (hereinafter, 
referred jo as spherical portion clearance) between the outer spherical surface of the toner ring and the inner spherical 
surface of the cage, and: the bending direction load (ca go 4o- Inner-ring clearance sensitivity chart:}. From -his chart, \\ 
can be seen that the effect has some peak characteristics. In fig, 7 f the abscissa indicates the clearances ^ameter 

is ratio, and the ordinate the bending direction load. Here, the ciearance^o -diameter ratio is determined in order to make 
the spherical portion clearance between the inner spherical surface of the cage and me outer spherical surface of the 
inner ring eimensionless. The ciearance-to-diameter ratio is the quotient at the. spherical portion clearance divided by 
the reference diameter of the inner spherical surface of the cage (- the reference diameter of the outer spherical surface 
of the inner ring), multiplied by 1 000. Now,, faking the dimension at which the affect of reducing the bending direction 

so load peaks as a central value, the range will be determined within the range of tolerances satisfying the process ca- 
pabilities in Fig. 7. the clearance-to-diameter ratio at which the effect of reducing the bending direction load peaks 
talis around 1 ,6> or within the range of 0.9 and 2.3 when the range of tolerances, is taken into account, it is confirmed 
from Pig, 7 that the settings in this range can minimize the range el variations of the bending direction bad, thereby 
maximizing the effect of reducing: me bending direction load, 

[0010] Now, the influence of the spherical potion clearance on other functions wilt be discussed. If has been known 
that excessive spherical portion clearances can cause abnormal noise (see Japanese Patent Lald-Cpfcn Publication 
No. 2002-323061). In this respect, samples taking account of secular wear, given cieeranoe-to-diameter ratios of 2 S 
or so ? were evaluated for abnormal noise, and found to produce no abnormal noise across the Joint angles. Smaller 
settings might hamper the operabifi!y of the inner hng and the cage, The concern about the operabliliy is negiigible : 
a* however, since the lower limit in the foregoing range is set sufficiently higher man the low level thai affects the oper ability 
(for axampje ; 0,3), The foregoing range for maximizing the effect of reducing the bending direction load thus has no 
adverse effect on the ether functions. The spherical portion clearance between the outer spherical surface of the inner 
ring and the inner spherical surface of the cage is thus set so that the dears nee-to-diameter ratio fails within the range 
of 0,9 and 2,3. 

55 [001:1] The track grooves of the outer ring and the track grooves of the Inner ring may be provided with a straight 
portion having a straight groove bottom . The present invention la thus applicable to both of the following: a fixed constant 
velocity universal joint (8J) in which the center of the track grooves of the outer ring and the center of the track grooves 
of the inner ring are offset from the spherical center of the inner spherical surface and the spherical cmier of the outer 
spherical surface, respectively: by the same distance axial jy in opposite directions: and a fixed constant velocity uni- 

40 versa i joint (UJ) in which the center of the track grooves of the outer ring and the center of the track grooves of the 
inner ring are offset from the spherical center of the inner spherical surface and the spherical center of the outer 
spherical surface, respectively, by the same distance axiatty in opposite directions, and the track grooves of the outer 
and inner rings are each provided with a straight portion having a straight groove bottom. 

[0012] Recentiy, the wheelbases are often Increased in view of improved passive safety of motor vehicles. To prevent 
is the motor vehicles from increasing in the turning radius accordingly, it is desired to increase the steering angle of the 
front wheels by providing fixed constant velocity universal joints of wider angles The need for wider angles can be 
mot with a fixed constant velocity universal joint (UJ) of undercut-free type in which the track grooves are shaped 
parallel to the axial direction at the opening side of the outer ring . The fixed constant velocity universal joint of undercut- 
free type is characterized by the structure that the track grooves of the outer and inner rings have no undercut and 
s& allow large operating angles, 

[0013] PCD clearances of 0.009 to 0.080 mm are preferable. As employed herein, the "POD clearance* refers to a 
difference between the pitch circle diameter P€ : D 0 ^ T g,^ of the track grooves of the outer ring and the pilch circle diameter 
PCD^, N £ R of the track grooves of the Inner ring. Fig 8 shows the relationship between the PCD clearance and the 
bending direction load (PCD clearance sensitivity chart). From this chart, It can be seen that the PCD clearance can 
be increased to reduce the bending direction load. Since the sensitivity Is. higher at smaller PCD clearances., the lower 
limit can be Increased for higher effects, it has been already Known that excessive PCD clearances can deteriorate 
the overriding durability of the contact ellipses due to other functional constraints (see Japanese Patent L aid-Open 
Publication No, 2002-32308 1), and the upper limit is set at 0050 mm . Here, the lower limit Is determined in consideration 
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of machines iotenanees satisfying the existing process capatjNitles. Fig, B shows, however that the effect of reducing 
the bending direction toad ts expected to increase toward the upper Sim it. Extended upper limits have been examined 
on this account, with the conclusion that the upper limit can he extended up to 0,060 when such factors as evaluation 
results on durability., the rate of decrease of the overriding durability in desk check, and past records of constant velocity 

5 universal joints are takers into account. Here, the lower limit is set at 0.009 mm in consideration of the machining 
tolerances satisfying the existing process capabilities. Various dimensions) controls can also be added further to secure 
the process capabilities and reduce the range of machining tolerances as well Then, the tower limit can be set at 0 019 
mm. Consequently,, the fevor&bie range of PCD clearances for reducing the bending: direction load and securing nec- 
essary functions is from 0.009 to 0.080 mm. and preferably from 0.019 to 0,060 mrn, 

w [0014] An Inner-ting track contact ratio is preferably set at 103 to 1,06. As employed herein, the inner-ring track 
contact ratio refers to the ratio of the radius of curvature R. T of the track grooves of the Inner ring to the radius R B of 
the balls, or the value R T / B B . Fig. 9 shows the relationship between the inner-ring track contact ratio and the bending 
direction load (Inner-ring track contact ratio sensitivity chart:}. From this chart, it cars be seen that the effect of reducing 
the bending direction load has some peak characteristics. Then, taking the dimension at which the effect of reducing 

** the bending direction load peaks as a central value, the range of inner-ring track .contact ratios will be determined within 
the range of tolerances satisfying the process capabilities, in Fig. 9, the inner-ring track contact ratio at which the effect 
of reducing the bending direction load peaks Tails on 1 ,04, or within the range ot 1 025 and 1 .055 when the range of 
tolerances is takers into account. Nevertheless, when Fig, 9 is checked for the range of variations of the bending direction 
load within this range, it is found thai the effect of reducing the bending direction load drops near the lower limit. The 

20 range of inner-track contact ratios for minimizing the range of variations is from 1 .03 to 1 ,06 when determined with the 
range of tolerances unchanged This range of settings can thus maximize the effect of reducing the bending direction 
load, 

[0015] Now, other functional constraints will do discussed. When the inner-ring track contact ratio & set excessively 
higher, the surface pressure of the contact portion Increases to deteriorate the flaking durability of the ball contact 

6 portions. Thus, the upper limit of the in mr-nng track contact ratio must not exceed a maximum contact surface pressure 
having: no impact on the flaking durability. This maximum contact surface pressure is no higher than 2.7 GPa when 
under a basic torque (see Japanese Patent Lsid-Gpen Publication No. 2003 -4062) Hare, the term "basic torque" refers 
to a torque value determined by the track grooves of the outer and Inner rings .and the contact stress {Norths stress} 
of the torque transmission bads, m which a life of 1500 hours Is obtained at 1 00 rpro. The basic torque, aiso commonly 

a* called continuous torque, is a reference torque for use in the life calculation of constant velocity universal joints. Thai 
is : the contact ratio between the track grooves of the outer and inner rings and the torque transmission balls is set so 
that the contest surface pressure under ihe basic torque is 2 7 G Pa or less This provides durability equivalent to or 
higher than that of conventional products. Examination showed that in the foregoing range of settings intended for a 
reduction m the bending direction Scad, the upper limit provides a maximum contact surface pressure of no higher than 

35 2.7 GPa under the basic torque,. Deterioration of theflaking durability is thus avoided, Moreover, flaking durability tesfs 
on products having the upper limit of the track contact ratio showed satisfactory results, 

[ 001 6] Too i ow an in rser- ring track contact rati o e an decrease the i oad torn u e a El owab te to the track grooves i n which 
the torque transmission balls mil (aibwabie load torque). The reason for ih;s is that when the inner-ring track contact 
ratio is made smaller, the contact ellipses occurring m the contact positions between the torque transmission balls and 
40 the track grooves become greater even under the same transmission torque This makes it easier for the contact 
ellipses to come out of the edges of the track g rooves, When the contact ellipses come out. of the edges excessively, 
stress cm concentrate on the edges. This can cause chipping and deformation of the edges easily, thereby lowering 
the overriding durability of the contact ellipses, 

[0017] At the lower Ssroil of the foregoing range, the allowable load torque can be secured on a level equivalent to 
3$ that of existing actual products, i.e., a level not affecting the necessary functions, 

[091 &j The n umber of th e torque transmission :ba I Is m ay be eight,. Wh I fe I h is type of consta nt velocity u n Ivors ai joint, 
using bails as the torque transmission members, typically nas six torque transmission bails, the use of eight torque 
transmission baits can reduce the proportion of the load for each single ball to the entire load capacity of the joint, it 

is therefore possible to reduce the diameter and She pilch circle diameter of the to roue transmission bails as compared 
52 to six-ball products of the same bearing number. As a result, it Is also possible to reduce the outer diameter of the outer 
ring. 

[0S19] Three types of samples were prototyped and evaluated for actual bending direct ion loads. The samples In- 
cluded: two high-effect products in which the foregoing items were set to maximize the effect of reducing the bending 
direction load:: a bw effect product with sellings for a minimum effect: and a conventional product. As shown in labia 
55 1 , too values of the respective Items were within the ranges of tolerances described above. 
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Table 1 



I ITEM 




HIGH-EFFECT PRODUCT 


LOW-EFFECT PRODUCT i 


POCKET CLEARANCE 


?Tim 


-0.005 


-0 025 


| PCD CLEARANCE 

S 


I mm 


0,052 


0,011 


| C L E A RAN C E-TO *D f AM ETE R RATIO OF 
SPHERICAL PORTION CLEARANCE 
BETWEEN CAGE AND INNER RIMG 


W | 


1,4 


2M | 


INNER- RING TRACK CONTACT RATIO 




1.04 


1.03 | 


| Items In Table are in average values. 



[0820] Fig, 10 shows the results of evaluation, which confirm the same tendency as that of the analytical results. 
That is, the bonding diction ioad: of the conventional product increased in proportion to the amplitude, The low-effect 
product showed the same tendency as that of the conventional prndtict stfhe smail and middle amplitudes, but exhibited 
the effect of reducing the bending direction load at the large amplitude, in contrast to the foregoing two, the high-effect 
products showed only sMghi increases in the bending direction load even at greater amplitudes, 
[0021] Hereinafter, embodiment of the present invention will be described with reference to the drawings, 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] 

Fig, 1 is a longitudinal sectional view of a Rzeppa typo constant velocity universal joint; 

Fig. 2 is a longitudinal sectional view of a undercut-free type constant velocity universal joint; 

Fig 3 is a cross -section ai view of the constant velocity universal joints of Figs. 1 and 2: 

Fig, 4 is an enlarged sectional view of essential parts of Fig. 1 ; 

Fig. 5 is an enlarged sectional view of essential pans of Fig. 3: 

Fig, 8 is a pocket clearance sensitivity chart: 

Bg 7 is a cage-to- inner- ring clearance sensitivity chart; 

Fig. 8 is a PCD clearance sensitivity chart: 

Fig. 8 is an inner-ring track contact ratio sensitivity chart; and 

Fig, 10 is a chart for showing analytical results on the binding direction load, 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0023] in the drawings. Fig. 1 shows a fixed constant velocity universal joint (BJ) which is a Rzeppa type constant 
velocity universal joint. Fig, 2 shows a fixed constant velocity universal joint of undercut-free type (UJ), The joint of Rg. 
1 and the joint cf Fig. 2 Slave the same cross sections, which are thus shown as a single cross sectional view In Fig, 

3, Note that the ciearances are shown exaggerated in the diagrams. 

[0024] Now, the constant velocity universal joint (BJ) shown In Fig.. 1 consists chiefly of an outer ring 1 . an Inner ring 
2. torque transmission balls 3. and a cage 4 The outer ring i is composed of a cup part and a shaft part. The shaft 
part establishes connection with one of two shafts to couple. The cup part has an inner spherical surface 1 a of partially 
spherical shape. Eight track grooves 1 b extending in the axial direction are formed in the inner sph erica; surface 1 a at 
dreumferentiai regular intervals. The inner ring 2 has an outer spherical surface 2a of partially spherical shape. Eight 
track grooves 2b extending in the axial direction are formed in the outer sphehcal surface 2a at circumferential regular 
intervals. The Inner ring 2 has a serration hole pan 2c for establishing connection with a serration shall part of the other 
of the two shafts to couple, such as a countershaft 5 of a driving shaft. The track grooves l b of the ooter ring 1 and 
the track groove 2b of the inner ring 2 are paired, and each ot the torque transmission baits 3 is loaded between one 
of the pairs of track grooves 1 b and 2b. The torque transmission bails 3 are accommodated in pockets 4c of the cage 

4. Note that Fig, 3 shows £he mode of embodiment with eight torque transmission bails 3. The ea;ge 4 Is interposed 
between the inner spherical surface 1a cf the outer ring 1 and the cuter spherical surface 2a of the inner ring 2. The 
reference numerals 4a and 4b designate the outer spherical su rf ace and inner spherical surface of the cage 4. respec- 
tively. 

[002.5] The track grooves 1b and 2b have an arc shape in the longitudinal section of the joint (Fig, 1). Then, the 
center O i of the track grooves 1 b of the outer ring 1 and the center O g of the track grooves 2b of the inner ring 2 are 
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offset from the spherical center of the outer sp&erical surface 1 a and the spherical center of the inner spherical surface 
2a. respectively, by the same distance F axiaify In opposite c'irecfsorss. More specifically the eenfer Gj is offset toward 
the opening side of the joint and the center Q 2 toward the bottom side of the joint, Consequently, the bail tracks formed 
by the cooperation of the track grooves 1 b of the outer ring 1 and the track grooves 2b of the inner ring 2 are shaped 

5 Ilka wedges widening i one axial direction, or toward the opening side of the joint in the example shown in Fig, 1 . 
[0028] The outer spherical surface 4a of the cage 4 and the i nnar spherical surface 1 a of the outer mg 1 , or a guide 
way for the outer sphetioai surface 4a of the cage 4 :t both have their respective spherical centers within a joint center 
plane 0-0. The joint center plane 0-0 deludes the center 0 3 of the torque transmission bafts 3. Moreover, the inner 
spherical surface 4b of the cage 4 and the outer spherical surface 2a of the inner ring 2, or a guide way for the inner 

to spherical surface 4b of the cage 4, both have their respective spherical centers within the joint center plane 0 0, 
Consequent^ the offset F of the center 0 1 of the track grooves 1 b of the outer ring 1 la the axis! distance between the 
center 0 ? and the joint center piane 0-0, The offset F of the center 0^ of the track grooves 2b of the inner ring 2 is 
the axial distance between the center O s and the joint center plane 0-0 The two offsets F are the same 
[0027] Now, the constant velocity universal joint (UJ) shown in Fig. 2 differs, from the foregoing constant velocity 

** universal joint (BJ) of Fig. 1 only in thai the track grooves 1 b of the outer ring 1 and the track grooves 2b of the inner 
ring 2 are provided with straight portions U1 and U2 having a straight groove bottom,, respedivety Throughoul the 
drawings, the same pans or substantially the same parts wilf thus be designated by identical numeral Redundant 
description will be omened. This constant velocity universal joint (UJ) allows a maximum operating angle greaser than 
that of the constant velocity universal joint (BJ) of Flo. 1, because of the provision of the straight portions U1 and U2 

20 on the track grooves 1b of the outer ring 1 and the track grooves 2b of the inner ring 2, respectively 

[0028] in those constant velocity universal joints of Figs, 1 and a when the outer ring 1 and the inner ring 2 make 
an angular displacement, the torque transmission Palis 3 accommodated in the pockets 4c of the cage 4 are always 
maintained in the bisector plane of the operating angle. This ensures the velocity constancy of the joint regardless of 
[he operating angle. 

6 [0029] Description wi now be given of the dimensions of the Fteappa type constant velocity universal joint (BJ) of 
fig:. 1 and the undercut -free type constant velocity universal joint (UJ) of Fig. 2. which have the Foregoing configurations. 
The axial clearance between the pockets 4c of the cage 4 and the torque transmission basis 3, or e difference (Dp - 
D 3 ) between the axial dimension Q P of the pockets 4c and the diameter Q e of the torque transmission bails 3, is set 
within the range of -0.006 and -0.035 mm. or preferably -0.006 and -0,026 mm. The spherical portion clearance between 

ao the inner spherical surface 4b of the cage 4 and the outer spherical surface 2a el the inner ring 2, or a difference (D K2 
- Dj) between the Inner diameter O^g of the cage £ and the outer diameter Dj of the inner ring 2 as shown in Fig. 3 f is 
set so that the dearance4c- diameter {1000(D K2 - D { ) / 0} fails within the range of 0,9 and 2.3. Here, O is the 
reference inner diameter of the cage the reference outer diameter of the inner ring). The PCD clearance or a 
difference (PCDoLTTEfi - PC0. mi{ ^) between the pitch circle diameter PCD^^ of the track grooves 1b of the outer 

35 ring t and the pitch circle diameter PCD^ Nefi of the track grooves 2b of the inner ring 2, is set within the range of 0.009 
and 0.060 mm. Moreover, the ratio (R T / R B ) of the radius of curvature of the track grooves 2b of the inner ring 2 
to the radius R 3 of the torque transmission balls 3 : . or the inner-ring track contact ratio, is set within the range of 1 ,03 
and 1.08. 

[0030] Now ; description will be given of how the axial clearance (Dp - 0 3 } : the cleara nca-to-diameter ratio {1 000{D K g 
40 - D,} i D} ; the PCD clearance (PCD^r^ - PCO iW £ R }. and the inner- ring track contact ratio (B T / R B ) described above 
were selected. Internal specification items thai seenied to act on the effect of reducing the bending direction ioad were 
picked lip. For each of the items., high and low. two levels of settings were established so as not to affect necessary 
functions. A mechanism analysis was conducted for each level of each Item In conformity to the design of experiments 
(JIS Z 8101). The analytical results were examined to derive effective items for reducing the bending direction load. 
■*5 The internal specification stems that seemed to ad on the bending torque are as follows (see Figs. 4 and 5); 

A, track offset : 

B, PCD clearance, 

C, spherical portion clearance between the outer ring and the cage. 
52 D spherical portion clearance between the cage and the inner ring, 

£. pocket clearance, 

F track contact angle, and 

G. track contact ratio. 

[0031] These Items were assigned to the factors of an orthogonal tabic {18} for an eight condition analysis, whereby 
& survey was conducted on factors significant for a reduction of the moment load (Ma) in the bending direction and the 
bending direction bad (Fy). Tahie 2 shows the analytical results and fhe conclusions based on the analysis of variance, 
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Table 2 



| ITEM 


MINIMUM SETTING i MAXIMUM SETTING 

5 


CONCLUSION I 

I 


I TRACK OFFBFT 


174 4 ! 177 6 

ii 


"■' 1 


! PCT CLEARANCE 

s — — 




SIGNIFICANT 1 


j CLEARANCE BETWEEN OUTER 
| RING AND CAGE 

| 


176,9 I 175,1 

<n 
<n 
*i 




| CLEARANCE BETWEEN CAGE AND 
1 INNER RING 

1 


1 

181,8 | 170.2 

<n 
<n 
*i 

\ 


SIGNIFICANT j 
1 


| POCKET CLEARANCE 


2S2 \ 1 00 

; 


HIGHLY SIGNIFICANT j 


| TRACK CONTACT ANGLE 


174.6 | 177.3 




I TRACK CONTACT RATIO 

\ i 


i 1 ■ 

189,8 | 182.2 


HIGHLY SIGNIFICANT 1 
I 



[00323 The numeric values in Table 2 are ones taking account of the moment and toad sn ihe bending direction. The 
higher the values are, the harder io band. In other words, higher values mean greater bending direction loads. Here, 
the analytical results are summarized wllh ihe value of the product having the maximum pocket clearance, showing 
the minimum bending direction load among the analytical results, as 100. (The track contact ratios were concerned 
with the inner ring alone, The reason is that examination on the degrees of contribution of the outer and inner rings 
shewed ifta- the inner ring contributed at a higher degree,) The dimensions of the factors concluded to be highly sig- 
nificant: and significant were determined in consideration of the influence on such basic functions as strength and 
durability, and the process capabilities {including machining tolerances). To ensure the effect of reducing the bending 
direction load sufficiency, the settings were also optimized with consideration given to the sensitivities of the reducing 
effect in the sensitivity charts oi the respective items. 



Claims 

1. A fixed cons* an- velocity universal joint comprising: 

an outer ring having a piurasity of track grooves extending ax sally in an Inner .spherical surface thereof; 
an inner ping having a plurality of track grooves extending axiaily in an cuter spherical surface f hereof; 
torque transmission balls arranged in bait tracks formed by cooperation of the track grooves of the outer ring 
and the track grooves of the inner ring; and 

a cage having pockets for retaining the torque transmission balls, wherein: 

the confer of ihe irack grooves of ihe outer ring and ihe center of the track grooves of the Inner ring are 
offset from ihe ephencai center of the inner spherical surface and the spherical center o? the outer spherical 
.surface, respectively, by trie same distance axlslly in opposite directions:: 

an ajdal clearance between the pockets and the torque transmission balls is sef within a range of -0.00$ 
and - 0.036 mm; and 

a radial clearance between the cage and the inner ring is. set so £hat a clearance- fo-diiameter ratio falls 
within a range of 0,9 and 2 3. 

2* A fixed constant velocity universal joint as claimed in claim 1 , wherein 

the track grooves of the outer ring and ihe track grooves of the inner ring are provided with a straight portion 
having a straight groove bottom 

3, A fixed constant velocity universal joint as claimed in claim 1 or 2 ? wherein PCD eieamnees are set to from 0.009 
to 0.060 mm, 

4, A fixed constant velocity universal joint as ctalmed in claim 1 > 2 or 3. wherein an inner-ring track contact ratio is 
set at !03 to 1.06, 

5, A fixed constant velocity universal joint as claimed in any one preceding claim, wherein 
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The number of ihe torque inartsmission basis is eight 
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FIG, 3 
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FIG. 4 
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FIG, 6 
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PCD CLEARANCE SENSITIVITY CHART 




20 



40 



60 



80 



100 



PCD CLEARANCE ( n m) 



FIG, 9 



INNER-RING TRACK CONTACT RATIO SENSITIVITY CHART 
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FIG. 10 
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